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1.0 RESULTS AND CONCLUSICNS 

This sttlay has Seen devoted t o  the analysis of 142 flares 

tha t  w e r e  observed during the years 1954 thraugh 1963, and assigned an 

importance of 3 or 3+ in the McMath-Hulbert Working L i s t .  

studied the relationship of these flares t o  all known radio frequency 

emissions at 1500, 2000, 2800, 2980, 3000, and 3750 Mc/s, that occurred 

at the time of the  flare. 

sunspot groups on flare &y, and the age of the associated plage region 

i n  solar rotations have been considered. 

1.1 

W e  have 
+ 

The area and magnetic classification of the  

TIME RELATION OF FLARES AND RF' EMISSIONS 

We find that fo r  flaxes followed by an important PCA event 

the time of RF peak intensi ty  coincided with or followed the time of 

the f lare maximum intensity ( A t ?  0) i n  76.5% of the cases; while 

A t < 0 fo r  92$ of the flares not followed by a PCA event. 

1.2 FLARES AND RF' PEAK EMISSION 

The FP peak intensity exceeded 500 x w (rn2c/s)-l for  

87'$ of the flares that were followed by a PCA event while the f lux was 

less than 500 x W (xn'c/s)-' for 7% of the flares not followed by 

a PCA event (including cases where the flare occurred during the nonnal 

observing time of at least one observatory and no flux was reported). 

1.3 FUIRES AND SuNspoT AREAS CX? FLARE DAY 

O f  the  major flares during 1954 through 1959, 71.s 

occurred i n  sunspot groups that on flare day had an area 3 500 millionths 
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of the solar hemisphere while 

PCA event had areas greater than 500 millionths. 

of the flares that  were followed by a 

1.4 FWSES AM, SUNSPOT M4-c CLASS (E? Fww3 DAY 
The magnetic classification of the associated sunspot group 

is not known on flare! day f o r  21 spot groups. 

occurred at ei ther  the east  or west limb of the sun. 

cent of the f l a r e s  tha t  occurred on days when the sunspot magnetic classi-  

f icat ion was known were classified as  e i ther  'f or /3&' . Only 3 6  of the 

8 orFr sunspots were followed by a PCA event. On the other hand, the 

flare-day magnetic classification is  known fo r  32 of the  PCA-flares and 

69$ occurred in ei ther  t 'o rpd '  spots. 

1.5 PERCENTAGE OF T€E F'LARES IN EACH CLASSIFICATION 

Ten of these flares 

Forty-seven per 

The results of t h i s  analysis may be expressed as  follows: 

7~ of all cases wherebt 6 0 were followed by a PCA 

9@ of all cases whereht  5 0 were not followed by a 

E A  event 

76.5% of the PCA f la re  at2 0 

929% of non PCA f lares  at t o  

8 6  of PCA f l a r e s  the RF peak > 500 x looE W(m2c/s)-l 

769 of non PCA f la res ,  the RF peak < 500 x 10'22W(m2c/s)-1 

729% of t h e  flare-sunspots had an area a 500 millionths of 

the solar  hemisphere on flare day 

92$ of the PCA f la re  sunspots had an area >, 500 millionths 

of the solar hemisphere on f l a r e  day 
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47$ of the flare sunspots had a or ,4'# classification 

~n flare day 

6 6  of the PCA flare sunspots had a r or f I y  classification 

on f W e  thy 

N m :  

during a meeting of the Joint MSC-GSFC Working Group on Space Radiation. 

Dr. Prince suggested that the time difference between the maximum of the 

lU? emissions and the optical H-alpha maximum should be investigated. 

This study was based on a suggestion by Dr. Helen Dodson-Prince 
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2.0 CIASSIFICATIm OF IMPORTANCE 3 AND 3+ mAREs 

The 142 flases with Lmpurtw-ce 3 or 3+ i n  the MWth-Hulbert 

working l ist  of flares (Table 1 )  were placed i n  three groups: 

(1) 

(2) 

Flares followed by an important PCA event (Table 2). 

Flares followed by a s m a l l  or  very small PCA event 

(Table 3).  

(3) Flares not followed by a known FCA event (Table 4). 

ALL FLARES OF IMPORTANCE 3 AND 3+ 

Table 1 lists all flares of importance 3 or  3+ that occurred 

2.1 

during the  years 1954 through 1963. 

We have included the McMath Plage Number and plage age i n  

rotations,  the M t .  Wilson sunspot number, the M t .  Wilson magnetic classi-  

f ication, the  sunspot area based on the Royal Greenwich Observatory 

photoheliographic results, and the Zurich classification are given for  

flare day when the values are available. 

2.2 IMPORTANCE 3 AM) 3+ FLARES FOLLOWED BY A PCA EVENT 

Table 2 lists al l  f lares  of importance 3 or 3+ tha t  were 

This table in- followed by an  important PCA event (from Table A-1). 

cludes the flare, PCA, and shortwave fade data. It also includes a l l  

known spectral  emissions of Type II and Ill associated with the flare, 

and single frequency data for  frequencies 1500, 2000, 2800, 2980, 3000, 

and 3750 Mc/s. 

above lo$ of the peak flux in units of 

We have also included the  value of the RF burst energy 

joules (m2c/s)” for  2800 
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Program Apollo working 

paper No. 1193 (January 28, 1w). 
is the  time of the RJ? burst peakminus the t ime of flare maximum intensity. 

2.3 

The time difference i n  minutes A t 

3 " C E  3 AXD 3+ FIARES FOIUMED BY VERY SMALL PCA EVENTS 

Table 3 lists the reported small  PCA events that were not 

included in  Table 2 and those that were derived by Gregory based on the  

use of high sensi t ivi ty  ver t ica l  incidence back sca t te r  sounding of 

the  lower ionosphere at  a frequency of 2.3 Mc/s. 

2.4 IMPORTANCE 3 AND 3+ FLARES NOT Fy)LLcTwED BY A KNOWN PCA EVENT 

Finally Table 4 l ists  all importance 3 and 3+ flares that were 

This table gives a l l  of the reported not followed by a known PCA event. 

radio emissions i n  the frequency range f r a n  1500 t o  3750 Mc/s range as 

we= as short wave radio fadeouts and reported spectral emssions of Type I1 

and Type I V .  

The number of importance 3 and 3+ flares for  each year and 

the number followed by PCA events is sunmaxized i n  Table 1.1. 

that approximately 2* of the flares were followed by a PCA event i f  the 

E A ' S  reported by Gregory only are not included. 

This shows 

For the  purpose of uur analysis of the difference (A t )  

between the time of RF emission peak flux and the time of the flares 

maximum intensi ty  we  have grouped the sma l l  PCA events w i t h  the flares 

not followed by PCA's. 
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TOTAL 

No. of 
Flares 

CmP. 3, 3 + 
4 

21 

32 

20 

32 

19 

10 

2 

2 

142 
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PCA 
With S m a l l  Gregory 
PCA PCA 

0 0 

2 0 

ll 1 

6 0 

6 1 

7 1 7 

5 0 

0 0 

1 0 

38 3 7 

TABLE 1.1 Number of Importance 3 and 3+ Flares 
and Associated PCA Events 
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RELATIONSHIP OF FLARE MAXIMUM INTENSITY AND PEAK RADIO 
FLUX I"sm 

3.1 FLARES FoJamED BY m m m  PCA EMOTS 

This list contains 38 PCA events, that w i t h  one exception, 

are included in  one or  more of the catalogues by Bailey, Modisette, 

Malitson, and Warwick and Haurwitz (Table A-2). Four of the events 

(Numbers 12, 17, 18, and 55, Table A-2, Flares Numbers 43, 47, 49, 

and 156, Table 1) were reported with a weak absorption and the i r  in- 

clusion i n  Table 2 rather than Table 3 is quite arbi t rary.  

A l l  of the flares in  t h i s  group were followed by a short 

wave radio fadeout and radio emissicms at  one or more of the frequencies 

between 1500 and 3750 Mc/s. 

the f l a r e  and the RF' emission are reported f o r  34 of the events. 

The time of the maximum in tens i ty  of both 

The time of the RF' maximum occurred simultaneiously wi th  

or a f t e r  the f l a r e  maximum ( A t  5 0 ,  where 3t = time of RF maximum 

minus the time of the flare maximum) fo r  26 of the events (76.58) 

(Table 2.1). The eight cases where A t  < 0 w i l l  be discussed in de ta i l  

l a t e r  when other factors w i l l  be considered. 

I 
1 
I 1 Unknown Positive Zero Ne gat ive T o t a l  
I 

6 t o  
f 10 

0 6 2 2 
3 6 0 3 

0 2 0 1 

10 
I 2  

3 

TABLE 2.1 Relation Between the Intensity of the PCA Events 
and the Algebraic Sign of A t  
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This table does not indicate any good correlation between 

the i n t e ~ s i t y  of the PCA as,d algebraic si@ of t. 

On the other hand Table 2.2 shows that the peak Rp flux 

exceeds 500 x W(m2c/s)'' for of the PCA flares, and the A t  3 0 

TOTAL 

Jnknawn Positive Zero Ne gat i ve 

1 0 0 1 

1 1 0 1 

0 4 1 2 

1 13 1 3 

1 5 1 1 

4 23 3 8 
- 

TABU 2.2 Relation Between the Peak Intensity 
of the RJ? Flux and the Sign of At  

Total 

2 

3 

7 

18 

a 

38 
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~ 2 5 0  t o  >500 t o  310oO t o  
$250 < 500 5 1000 r' 5Ooo ,5000 

1 2 3 4 0 

1 1 3 7 0 

0 0 0 3 0 

0 0 1 4 0 

2 3 7 18 0 I mAL 

T a t d  

10 

12 

- 

3 

13 

TABLE 2.3 Relation Between the Intensity of the  
PCA Events and Peak Intensity of RF Emissions 

Table 2.3 does not indicate any good correlation between the 

intensi ty  of the PCA absorpticm and the peak flux of the RF emission. 

3.2 FLARES FOLLOWED BY VERY SMALL PCA EVEXITS 

We have ten events i n  this group of snaU or very small  PCA 

events including seven events derived by Gregory based on the use of high 

sens i t iv i ty  ver t ical  incidence back sca t te r  sounding of the lower ionosphere 

at a frequency of 2.3 Mc/s. 

The times of both f lare  maxll~l * um and RFpeak flux at one or 

m c r e  of the f'requencies i n  t h e  range from 1500 t o  3750 Mc/s are known 

f o r  nine of the events. 

RF maximum follows the  flare maximum (At 2 0) while major RF bursts were 

reported (flux 2500 x 

At was negative. 

I n  th i s  case w e  f ind only two events where the 

W n ~ - ~ ( c / s ) - ~ )  for three of the cases where 
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I Unknown Positive Zero Negative \Qt I 
Flux 

t 
Total 

1 , 5 0 0  

>, 500 t o  
< ~ O O o  

> lo00 
0 

T(TrAL 

TABU 3.1 
& t fo r  Flares Followed by Small PCA Events 

1 0 0 4 5 

0 1 0 2 3 

0 1 0 1 2 

1 2 0 7 10 

Because of the probable very low absorption during these 

events we w i l l  combine these flares with those not followed by PCA 

events . 
3.3 FLARES OF IMPORTANCE 3 AND 3+ NOT F0IJX)WED BY PCA EvENlls 

Thirty-eight of the flares of importance 3 or 3+ were followed 

by important PCA events and ten more have been assoicated with very 

small events. I n  addition three of the PCA events occurred within three 

hours of the associated PCA f l a re  and may have contributed t o  the in- 

tens i ty  of the PCA event (flares s, 100, and 137) although i n  two 

cases (95 and loo), the start of t h e  flare followed the  reported start 

time of t h e  PCA. 

not followed by a known PCA event (Table 4). 

This leaves 91 importance 3 and 3+ fWes that were 

We find that eleven f la res  occurred during the normal ob- 

serving times of two or more RF frequencies and eight during the normal 

observing t h e  of at  least one RF' frequency w i t h  no increase i n  flux 

reported . 

I 
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There was no known RF observations at  the times of f ive 

flares (ambers 7, 11, 26, 28, md 32). 

The times of flare maximum and/or RF peak intensity is not 

reported fo r  13 flares. The values of A t  for  the 54 flares fo r  which 

the times of flare maximum and RF peak intensity is  negative f o r  49 of 

the flares. If w e  assume that a t  l ea s t  one observatory was observing 

at the time of the II f la res  that  occurred dur ing  the observing times 

of two or more frequencies, we have 60 (and possible 68) cases where 

A t was negative or no RF flux w a s  emitted as shown in  Table 4.1. 

see that fo r  the importance 3 and 3+ fWes  tha t  were not followed by 

a PCA event there was probably no R F  emissiagl from eleven (and possibly 

l9) ,  and the RF emission was less than 500 x loo2* W (m*c/s)'l for  47 

We 

of the f lares .  

lo known 
zn obs. 

?o flux 
:eported 

> 500 t o  
4 lo00 

No 
Flux Unlslown Positive Zero Negative 

5 

19 

10 4 1 32 

2 0 0 5 

1 0 0 I 2  

!WAL I 19 18 4 1 49 

Total 

5 

19 

47 

7 

13 

91 

TABLE 4.1 
Relation Between the Intensity of the RF Flux and b t 
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Others * Three of d e  PCA events may have been influenced by two major f la res ,  
4 64 ll, 0 
3 29 c 23 

7%- 90$ 
b!AL 1 
ACCURACY 
,PRowuITy 

We also f ind thatetwas negative (the time of the RF f l u  

maximum preceded the time of f lare  maximum) in 92$ of the cases where 

the times of both maxima were knawn, 

The fwr cases (Flares 34, 48, 54, 48) where At > 0 and the 

one case of d t = 0 riii be &ned in Getail later. 

If we include the nine cases where (Table 3 and 3.1) very 

smaJ.l or  doubtful PCA events were reported with the 65 cases f’rm 

Table 4 and 4.1, we find that  i n  9U$ of the cases the time of RE’ emis- 

sion peak precedes the time of flare maximum. 

3.4 PROBABILITY !I!HAT AN IMPORTAMX 3 OR 3+ FLARE WILL CB WILL 
NOT BE FOU(MED BY A P C A  EVENT 

Table 1.2 shows that if  we include all cases where A t 3 0, 

Similarly, the 

when A t  < 0, o r  no flux is reported when the flare occurs during the 

normal operating time of two or  more frequencies (ll flares), the flare 

w a s  not followed by a PCA event in  90$ of the cases. 

f l a r e  w a s  followed by a PCA event i n  7s of the cases. 

Non-PCA 
Flaxes 

Important 
PCA 

Total 
Number 

91 

10 

38 

No Flux 
Unknown Positive Zero Negative Reported 

18 4 1 49 1 1 8  

1 2 0 7 0 

4 23 3 8 0 
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unknm EL, WL 
sunspot 500 t o  1000 t o  1500 t o  or Not 
Area < 5 0 0  (lo00 (1500 42000 a2000 Observed 

I 

4.0 

4.1 

SUNSPOT GROUP AREA AND MAGXEZIC CLASSIE'ICATION ON FLARE DAY 

SUNSPm AREA ON FLARE DAY 

FFZS 

The 142 flares of importance 3 or 3+ were observed i n  101 

30 33 22 14 5 5 

2 12 7 3 1 0 

different sunspot groups. O f  the lOg flares reported during 1 9 5  

area equal t o  or  greater than 500 millionths of the solar hemisphere. 

The distribution wi th  sunspot mea is shown i n  Table 1.3. 

Twenty-three of the  25 major flares that were followed by 

a PCA event occurred i n  a sunspot w i t h  an mea greater than 500 millionths. 

TABJX 1 .3  
Distribution of Sunspot Areas for A l l  Enportance 3 and 3+ Flares 

and Those Followed by a PCA Event 

During t h i s  period 23 of the sunspot groups were the source 

of two or more major flares. In eleven cases at least one of the f h e s  

w a s  followed by a PCA event. 

We have limited the correlation of flares t o  sunspot mea 

t o  the period through 1959 f o r  which w e  have Greenwich Observatory d a i l y  

sunspot area data. 
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FCA 

500 t o  lo00 t o  1500 t o  
c 500 41OoO (1500 42000 a2000 

0 3 1 0 0 

6 5 4 5 0 

Il* 10 4 2 3 

4 9 3 4 0 

9 6 10 3 2 

2 1 1 1 0 

1 0 1 0 0 

0 1 0 0 0 

33" 35 24 15 5 

3 14 a 4 1 
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unknown 

0 

1 

2 

0 

2 

3 2  

1 

* One flare (No. 57, Table 1) occurred in  a region with no known 
sunspot groups . 

* Flare day sunspot area dah not available for 1960. 

Flare day sunspot area data after July I, 1961, taken from 
U. S. N a v a l  Observatory daily reports. 

TABLE 1.4 
Distribution by Years of Importance 3 and 3+ Flares 

with the Area of the Sunspot G r o u p  on Flare Day 

If w e  use the U. S. Naval Observatory area data fo r  the 

years 1961 through 1963, we f ind that 79 of the 112 flares (appraximately 
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71$) for  which the sunspot area is known on flare df~y have an area a 500 

millionths of the solar hemisphere. The distribution of the importance 

3 and 3+ flares that were followed by a PCA event is given in Table 1.5. 

500 t o  lo00 t o  1500 t o  < 500 <lo00 41500 42000 32000 

No PCA Events 

0 2 0 0 0 

2 6 1 1 1 

0 3 1 2 0 

0 1 4 1 0 

1 1 

No PCA Events 

0 1 

1 1 0 

0 0 0 

3 14 7 5 1 

* Daily sunspot areas not available. 

* Flare day sunspot area data af'ter July 1, 1961, is  taken from 
US. N a v a l  Observatory daily reports. 

!l%BIZ 1.5 
Distribution of Importance 3 and 3+ Flares Followed by a PCA Event 

w i t h  the  Area of the Sunspot Group on Flare -Day 
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4.2 SUNSPOT GROUP MAGNE2IC CLASSIFICATION ON FLARe DAY 

The magnetic classification on flare day of the sunspot groups 

associated with the importance 3 and 3+ flares is known for  121 of the 142 

flares as shown i n  Table 1.6. 

Twenty-seven of the 30 PCA flare sunspot groups for  which an 

area on flare day is known had an area greater than 500 millionths of 

the solar hemisphere. 

sunspot area are known for  27 o f t h e  PCA flares. 

an area greater than 500 millionths and a 75 o r f l u  magnetic classificaticn. 

Both the sunspot magnetic classification and the 

Nineteen of these had 

Both the flare day magnetic classification and area are 

known for  93 of t h e  importance 3 and 3+ flares. 

had a 

millionths. 

large and magnetically complex sunspot groups were followed by PCA events. 

Forty-three of these 

or /Sfmagnetic classification and an mea greater than 500 

Only 4.4 per cent of the importance 3 and 3+ flares from 
1 
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1 

5 

2 

1 

11 

5 

0 

0 

0 

0 

2 

ll 

4 

7 

3 

3 

1 

1 

3 

10 

6 

14 

8 

4 

3 

1 

1 

0 

2 

3 

1 

1 

5 

2 

0 

0 

25 32 50 14 
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UnlmaWn 
WL EL Not Rep 

0 

2 

2 

0 

0 

1 

2 

0 

0 

0 0 

0 0 

1 7* 

0 0 

2 3 

0 1 

0 0 

0 0 

0 0 

7 3 11 

* One flare (No. 57, Table 1) occurred in a region with no known sunspot 
group. 

TABLE 1.6 
Distribution of Importance 3 and 3+ Flares 
with Sunspot Magnetic Classification on Flare Day 
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TOTAL 

m, All 
Major 
Flares 
Percent 
with PCA 
S m a l l  
PCA 

1 

2 

0 

4 

2 

0 

None 

0 

none 

0 

5 

2 

1 

1 

3 

1 0 0 

9 13 8 2 

25 32 50 14 

36 41 16 14 

2 3 2 2 - 
JTable 3) . 

i l l  16 10 4 A l l  
PCA 
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Not 
WL EL Reported 

0 

0 

0 

0 

0 

0 

0 0 0 

2 0 3 

7 3 11 

28 0 27 

0 0 1 

2 0 4 

TABLF, 1.7 
Distribution of Importance 3 and 3+ Flares  

Followed by an Important PCA Event with Sunspot Magnetic Class 

The sunspot magnetic classification on fhre day is  knuwn 

for 121 of the importance 3 and 3+ flares. 

ated with sunspots that on flare day had a 4 or f l l f  magnetic classification. 

Only 22 (39$) were followed by a PCA event. 

Fifty-seven (47$) were associ- 
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AFTENDM A 

For the sake of convenience we have included Tables 1, 2, 

7, and 8 fran Source 4, as Tables A-1, A-2, A-3, and A-4. 
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